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The invention claimed is: 



10 



An apparatus for testing functionality, evaluating performance and 
measuring capacitance of a photo-conversion device of at least one active 
pixel sensor of an array of active pixel sensors comprising a column bus, a 
signal conditioning and readout circuit and a chain of circuitry connected 
to said active pixel sensors comprising; 

a test voltage selection circuit for selectively applying any of a plurality of 
voltage levels that vary incrementally from a first voltage level to a second 
voltage level to a reference distribution node of the active pixel sensors; 
m and 

1 a timing control circuit connected to the test voltage means, to said 

b array of active pixel sensors, and to a signal conditioning and 

I readout circuit to provide signals to select timings to select 

S ,5 application of the first voltage level and the second voltage level to 

the reference distribution node of said active pixel sensors, signals 
at appropriate timings to condition said active pixel sensors in 
preparation for sensing light impinging upon said array of active 
pixel sensors, and providing signals for timing said signal 
20 conditioning and readout circuit to sense a signal from each active 

pixel sensor indicating a magnitude of light impinging upon said 
array of active pixel sensors. 
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2. The apparatus of claim 1 wherein said test voltage selection circuit 
comprises: 

a first switch having a first terminal connected to a first voltage source 
that provides said first voltage level, a second terminal connected 
to the reference distribution node of at least one active pixel sensor 
on a row of active pixel sensors, and a control terminal connected 
to the controlling means to selectively connect and disconnect the 
first terminal with the second terminal; 

a second switch having a first terminal connected to a second voltage 
source that provides said second voltage level, a second terminal 
connected to the reference distribution node of at least one active 
pixel sensor on the row of active pixel sensors in the array of active 
pixel sensors, and a control terminal connected to the controlling 
means to selectively connect and disconnect the first terminal with 
the second terminal; and 

a current measuring device connected so as to measure a current 
flowing from said first voltage source. 



3. The apparatus of claim 1 wherein the timing control circuit enables 

measurement of the capacitance of the photo-conversion device within 
one active pixel sensor by the steps of: 

at a first time, selecting said active pixel sensor; 
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at a second time, placing the second voltage level at the reference 

distribution node of said active pixel sensor; 
simultaneously, at the second time, coupling said second voltage level 

to the photo-conversion device; 
at a third time, applying the first voltage level to the reference 

distribution node; 

simultaneously, at the third time, coupling said first voltage level to said 

photo-conversion device; 
measuring a current flowing to said photo-conversion device to charge 

the capacitance of the photo-conversion device, whereby said 

capacitance is determined by the formula: 



Cfd = 



dV/ 
dt 



where 

Cfd is the total capacitance of the photo- 
^5 conversion devices and the parasitic 

capacitance of said test voltage select means, 

I is the current flowing from said first voltage 
source, 

dv is the difference between the first voltage 
20 level and the second voltage level, and 
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dt is a 



charg.ng time (ot said capacitance; 



10 



15 



20 



The 



apparatus of claim lwhere.n the timing 



control circuit enables testing 



functionality of a row 



of said active pixel sensors 



within the array of active 



pixel sensors 



and the chain of circuitry 



connecting said selected row of 



active pixel sensors by the steps of. 

3. a first time, select,ngsa.d row of active p.xel sensors; 



at a second time, placing one 



of the plurality of voltage levels on each 
of each active pixel sensor, whereby a 



reference distribution node 
magnitude 0, said voitageleve, placed on eac. reference 

«ri«ionnode,s,nd,ca.iveo,aposi.iononsa,drowo,ac.ive 

of each active pixel sensor; 

coupling the voltage level of the 
photo-conversion device to charge 
device to the voltage level; 



pixel sensors 
imultaneously, at the second time 



plurality of voltage levels to the 
the capacitance of the photo-convers.on 

and holding the voltage level of the 



at a third time, sampling 



of each active pixel sensor on 



the selected row of 



ignal conditioning and readout 



capacitance 

active pixel sensors within the sic 
circuit; 

, 3 tourtMi^e, Piecing the first voitageleve, a, the reference 

„,onnodeofeacnac,ivep.eisenscron,.erowofac„ve 

pixel sensors; 
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*e capacitance c, me pho.o.conve.s,on device of each active p,xe. 
sensor of the rov* of active pixel sensors; 

at a fifth time, sampling and holding the first voltage level on the 
capacitance of the photo-conversion device of each active pixel 
sensor on the selected row of active pixel sensors within the signal 
conditioning and readout circuit; 

placing the sampled and held voltage level of the plurality of voltage 
levels and the sampled and held first voltage level of each active 
pixel sensor of the selected row of active pixel sensors a. an output 
port of the signal conditioning and readout circuit for transfer to 
external circuitry, whereby the external crcuitry differentially 
compares the sampled and held voltage level of the plurality of 
voltage levels with the sampled and held first voltage level and the 
functionality of each active pixel sensor on the selected row of 
active pixel sensors, and the chain of circuitry connected to each 
active pixel sensor of the row of active pixel sensors is determined 
as a function of a difference between the sampled and held voltage 
level of the plurality of voltage levels and the sampled and held first 
20 voltage level. 
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The apparatus of claim 1 wherein the timing control circuit enables 



5. 



'i: 10 



15 
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evaluating performance of at least one active p.xel sensor and the chain of 
circuitry connected to said active pixel sensor by the steps of. 

at a first time, selecting the active pixel sensor; 

at a second time, placing the second voltage level at the reference 
distribution node of the active pixel sensor; 

simultaneously, at the second time, coupling said second voltage level 
to the capacitance of said photo-conversion device; 

. at a third time, sampling and holding the second voltage level within 
the signal conditioning and readout circuit; 

at a fourth time, placing the first voltage level at the reference 
disthbution node of said active pixel sensor; 

simultaneously, at the fourth time, coupling said first voltage level to 
the capacitance of the photo-conversion device; 

at a fifth time, sampling and holding the first voltage level from said 
capacitance of said photo-conversion device of said active pixel 
sensor to the signal conditioning and readout circuit; and 

placing the sampled and held first voltage level and the sampled and 
held second voltage level at an output of the signal conditioning 
and readout circuit for transfer to external circuitry, whereby the 
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external circuitry differentially compares the sampled and held first 
voltage level and the sampled and held second voltage level such 
that the difference of the sampled and held first voltage level and 
the sampled and held second voltage level determines 
performance of the active pixel sensor. 
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6. The apparatus of claim 1 wherein the test voltage selection circuit 
comprises: 

a first voltage distribution line containing a first distribution voltage 
level; 

a second voltage distribution line containing a second distribution 
voltage level; 

a first switch having a first terminal connected to a first voltage source 
that provides the first voltage level, a second terminal connected to 
the first voltage distribution line, a third terminal connected to the 
second voltage distribution line, and a control terminal connected to 
the timing and control means to selectively connect the first 
terminal to the second and third terminals concurrently; 

a second switch having a first terminal connected to a second voltage 
source that provides the second voltage level, a second terminal 
connected to the first voltage distribution line, a third terminal 
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connected to the second voltage distribution line, and a control 
terminal connected to the timing and control means to selectively 
connect the first terminal to the second and third terminals 
concurrently; 

5 a third switch having a first terminal connected to the first voltage 

source, a second terminal connected to the second voltage source, 
a third terminal connected to the first voltage distribution line, a 
fourth terminal connected to the second voltage distribution line, 
and a control terminal connected to the timing and control means to 

0 selectively connect the first terminal to the third terminal and 

concurrently connect the second terminal to the fourth terminal; 

a voltage dividing means connected between the first voltage 

distribution line, and connected to the reference distribution node of 
each active pixel sensor on a row of active pixel sensors for the 
15 array of active pixel sensors for distributing an incremental voltage 

level that varies fractionally from the first distributed voltage level 
present at the first voltage distribution line to the second distributed 
voltage level present at the second voltage distribution line; and 

a current measuring means connected so as to measure current 
20 flowing from said first voltage source. 
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7. The apparatus of claim 5 wherein the timing control circuit enables 

measurement of the capacitance of the photo-conversion device within a 
group of active pixel sensors of the array of active pixel sensors by the 
steps of: 

at a first time, selecting said group of active pixel sensors; * 

during a period of time between a second time and a third time, 
activating said second switch to connect the first terminal of the 
second switch to connect the second terminal and third terminal of 
said second switch to apply the second voltage level to the first and 
second voltage distribution lines and thus to the reference 
distribution node of each active pixel sensor of the group of active 
pixel sensors; 

simultaneously, during the period between said second time and said 
third time, coupling said second voltage level to the capacitance of 
the photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to charge said capacitance to said 
second voltage level; 

during a period of time between a fourth time and a fifth time, activating 
said first switch to connect the first terminal of said first switch 
20 concurrently to the second and third terminals of said first switch to 

apply the first voltage level to the first and second voltage 
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distribution lines and thus to the reference distribution node of each 
active pixel sensor of the group of active pixel sensors; 

simultaneously, during the period between the fourth and fifth time, 
coupling said first voltage level to the capacitance of the photo- 
conversion device of each active pixel sensor of the group of active 
pixel sensors to charge said capacitance of said photo-conversion 
device 10 the first voltage level; 

measuring a current flowing from said first voltage source to charge the 



capacitance of the photo-conversion device of each active pixel 



sensor of the group of active pixel sensors, whereby a total 
capacitance of the photo-conversion devices of the group of active 
pixel sensors and a parasitic capacitance of said test voltage select 
means is determined by the formula: 



dV 



dtcT 



15 



where 



Ct is the total capacitance of the photo- 



conversion devices and the parasitic 



capacitance of said test voltage select means, 



It is the current flowing from said first voltage 



20 
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dv is the difference between the first voltage 
level and the second voltage level, and 

dtcT is a charging time for the total 
capacitance; 
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during a period of time between a sixth time and a seventh time, 
activating said second switch to connect the first terminal of the 
second switch to connect the second terminal and third terminal of 
said second switch to apply the second voltage level to the first and 
second voltage distribution lines and thus to the reference 
distribution node of each active pixel sensor of the group of active 
pixel sensors; 

during a period of time between an eighth time and a ninth time, 
activating said first switch to connect the first terminal of said 
first switch concurrently to the second and third terminals of 
said first switch to apply the first voltage level to the first and 
second voltage distribution lines and thus to the reference 
distribution node of each active pixel sensor of the group of 
active pixel sensors; 
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measuring a current flowing from said first voltage source to charge the 
parasitic capacitance of said test voltage select means is 
determined by the formula; 
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Cp = 



dV/ 
dtcp 



where 



Cp is the parasitic capacitance of said test voltage 
select means, 

Ip is the current flowing to the parasitic capacitance 
Cp during charging from the second voltage 
level to the first voltage level, 

dv is a difference between the first voltage 
level and the second voltage level, and 

dtcp is a charging time for the parasitic 
capacitance, 



such that an average capacitance of the photo-conversion 
device of each of said active pixel sensors of said group of 
active pixel sensors is determined by the formula: 
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Ct-Cp 

Cfd ' 

n 



\where 



is the average capacitance of the 
photodiode, 

Cris the total capacitance, 

Cp is the parasitic capacitance, and 

n is a number of active pixel sensors of the 
group of active pixel sensors. 



,0 8. The apparatus of claim 6 wherein the fm.ng control circuit enables testing 
functionality of a group of at least one active pixel sensor by the steps of: 

at a first time, selecting said group of active pixel sensors; 

during a period of time between a second time and a third time, 
activating said third switch to apply said first voltage level to said 
,5 first voltage distribution line and to apply said second voltage level 

to said second voltage distribution line such that one of the 
incremental voltage levels is applied to the reference distribution 
node of each active pixel sensor of the group of active pixel 
sensors; 
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simultaneously, during the period between the second and third time, 
coupling said incremental voltage level to the capacitance of the 
photo-conversion device of each active pixel sensor to the row of 
active pixel sensors to charge said capacitance of the photo- 
5 conversion device to the incremental voltage level; 

during a period of time between a fourth time and a fifth time, sampling 
and holding within the signal conditioning and readout circuit the 
incremental voltage level present on the capacitance of the photo- 
conversion device of each of the active pixel sensors of the group 
10 of active pixel sensors; 

during a period of time between a sixth time and a seventh time, 
activating said first switch to apply the first voltage level to the first 
voltage distribution line and the second voltage distribution line to 
place the first voltage level at the reference distribution node of 
15 each active pixel sensor of the group of active pixel sensors; 

simultaneously, during the period of time between the sixth time and 
the seventh time, coupling said first voltage level from the reference 
distribution node to the capacitance of the photo-conversion device 
of each active pixel sensor of the group of active pixel sensors to 
20 charge said capacitance of the photo-conversion device from said 

incremental voltage level to said first voltage level; 
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during a period of time between an eighth time and a ninth time, 
sampling and holding within the signal conditioning and readout 
circuit said first voltage level present on said capacitance of said 
photo-conversion device of each active pixel sensor of the group of 
5 active pixel sensors; 

placing the sampled and held incremental voltage level present of the 
capacitance of the photo-conversion device of each of the active 
pixel sensors of the group of active pixel sensors and the sampled 
and held first voltage level of each of the active pixel sensors of the 
1 0 group of active pixel sensors at an output port of the signal 

conditioning and readout circuit for transfer to external circuitry, 
whereby the external circuitry differentially compares said sampled 
and held increment voltage level and said first voltage level, thus 
determining the functionality of each active pixel sensor of the 
1 5 group of active pixel sensors, and the chain of circuitry connected 

to each active pixel sensor of the group of active pixel sensors is 
determined as a function of a difference between the sampled and 
held incremental voltage level and the sampled and held first 
voltage level. 

20 9. The apparatus of claim 6 wherein the timing control circuit enables 

evaluating performance of a group of at least one active pixel sensor of 
the array of active pixel sensors by the steps of: 
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at a first time, selecting said group of active pixel sensors; 

during a period of time between a second time and a third time, 
activating said second switch to apply said second voltage level to 
said voltage distribution line such that said second voltage level is 
applied to the reference distribution node of each active pixel 
sensor of the group of active pixel sensors; 

simultaneously, dunng the period of time between the second and third 
time, coupling said second voltage level to the capacitance of the 
photo-conversion device of each active pixel sensor to the row of 
active pixel sensors to charge said capacitance of the photo- 
conversion device to the second voltage level; 

during a period of time between a fourth time and a fifth time, sampling 
and holding within the signal conditioning and readout circuit the 
second voltage level present on the capacitance of the photo- 
, 5 conversion device of each of the active pixel sensors of the group 

of active pixel sensors; 

during a period of time between a sixth time and a seventh time, 
activating said first switch to apply the first voltage level to the first 
voltage distribution line and the second voltage distribution line to 
20 place the first voltage level at the reference distribution node of 

each active pixel sensor of the group of active pixel sensors; 
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simultaneously, during the period of time between the sixth time and 
the seventh time, coupling said first voltage level from the reference 
distribution node to the capacitance of the photo-conversion device 
of each active pixel sensor of the group of active pixel sensors to 
charge said capacitance of the photo-conversion device from said 
incremental voltage level to said first voltage level; 

during a period of time between an eighth time and a ninth time, 
sampling and holding within the signal conditioning and readout 
circuit said first voltage level present on said capacitance of each 
active pixel sensor of the group of active pixel sensors; 

placing the sampled and held second voltage level present on the 
capacitance of the photo-conversion device of each of the active 
pixel sensors of the group of active pixel sensors and the sampled 
and held first voltage level of each of the active pixel sensors of the 
group of active pixel sensors at an output port of the signal 
conditioning and readout circuit for transfer to external circuitry, 
whereby the external circuitry differentially compares said sampled 
and held second voltage level and said first voltage level, thus 
determining performance of each active pixel sensor of the group of 
active pixel sensors and of the chain of circuitry connected to each 
active pixel sensor of the group of active pixel sensors is 
determined as a function of a difference between the sampled and 
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held incremental voltage level and the sampled and held first 
voltage level. 



10. 



The apparatus of claim 9 wherein evaluating performance of each active 
pixel sensor of the group of active pixel sensors includes evaluating range 
and linearity of each active pixel sensor and the chain of circuitry 
connected to active pixel sensor. 



10 



11. The apparatus of clam 6 wherein the group of active pixel sensors is a row 
of active pixel sensors placed in an area of dark pixels of the array of 
active pixel sensors. 
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12. A photo-imaging integrated circuit comprising: 

containing said an array of active pixel sensors arranged in rows and 
columns whereby each active pixel sensor comprises: 

a photo-conversion device which converts light impinging upon 
said photo-conversion device to electrons which are retained 
at a capacitance of said photo-conversion device, 
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a reset reference means connected to said photo-convers.on 
device to selectively apply a reference voltage level to said 
photo-conversion device, 

a reference distribution node connected to the reset reference 
means reference voltage level, 

5 

a source follower means connected to the photo-conversion 
device to provide an output voltage level at an output 
□ terminal approximating a voltage present on said photo- 

m conversion device, and 

I a pixel selecting means connected to the source follower means 

5 to activate said source follower means to transfer the output 

g voltage level to said output terminal; 

S a test voltage selection means connected to at least one active pixel 

for selectively applying any of a plurality of voltage levels that vary 
incrementally from a first voltage level to a second voltage level to 
the reference distribution node of the active pixel sensors; 



15 



a plurality of column bus means connected such that each column bus 
means is connected to each output terminal of each active pixel 
sensor of each column of active pixel sensors; 

20 a plurality of signal conditioning and readout circuits, whereby each 

signal conditioning and readout circuit is connected to each column 
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bus means to sample and hold the output voltage level at the 
output terminal of a selected active pixel sensors of a row of active 
pixel sensors, and in response to said output signal provide a first 
and second sampled and held output signal; and 

a timing and control means connected to the array of active pixel 
sensors, the test voltage selection means and the plurality of signal 
conditioning and readout circuits to provide timing and control 
signals that select active pixel sensors to transfer signals to the 
column bus and thence to the signal conditioning and readout 
circuits, and to provide the first and second sampled and held 
readout signals. 



13. The photo-imaging integrated circuit of claim 1 2 wherein said test voltage 
selection means comprises: 

1 5 a first switch having a first terminal connected to a first voltage source 

that provides said first voltage level, a second terminal connected 
to the reference distribution node of at least one active pixel sensor 
on a row of active pixel sensors, and a control terminal connected 
to the controlling means to selectively connect and disconnect the 
first terminal with the second terminal, 
a second switch having a first terminal connected to a second voltage 
source that provides said second voltage level, a second terminal 
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connected to the reference distribution node of at least one active 
pixel sensor on the row of active pixel sensors in the array of active 
pixel sensors, and a control terminal connected to the controlling 
means to selectively connect and disconnect the first terminal with 
5 the second terminal; and 

a current measuring device connected so as to measure a current 
flowing from said first voltage source. 

14. The photo-imaging integrated circuit of claim 12 wherein the timing control 
means enables measurement of the capacitance of the photo-conversion 
device within one active pixel sensor by the steps of. 
at a first time, selecting said active pixel sensor; 
at a second time, placing the second voltage level at the reference 
distribution node of said active pixel sensor; 
15 simultaneously, at the second time, coupling said second voltage level 

to the photo-conversion device; 
at a third time, applying the first voltage level to the reference 
distribution node; 

simultaneously, at the third time, coupling said first voltage level to said 
20 photo-conversion device; 

measuring a current flowing to said photo-conversion device to charge 
the capacitance of the photo-conversion device, whereby said 
capacitance is determined by the formula. 
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dV/ 
dt 



where 

Cfd is the total capacitance of the photo- 
conversion devices and the parasitic 
capacitance of said test voltage select means, 

I is the current flowing from said first voltage 
source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

dt is a charging time for said capacitance; 

1 5. The photo-imaging integrated circuit of claim 1 2 wherein the timing control 
means enables testing functionality of a row of said active pixel sensors 
within the array of active pixel sensors and the chain of circuitry 
connecting said selected row of active pixel sensors by the steps of: 
at a first time, selecting said row of active pixel sensors; 

at a second time, placing one of the plurality of voltage levels on each 
reference distribution node of each active pixel sensor, whereby a 
magnitude of said voltage level placed on each reference 
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distribution node is indicative of a position on said row of active 
pixel sensors of each active pixel sensor; 

simultaneously, at the second time, coupling the voltage level of the 
plurality of voltage levels to the photo-conversion device to charge 
the capacitance of the photo-conversion device to the voltage level; 

at a third time, sampling and holding the voltage level of the 
capacitance of each active pixel sensor on the selected row of 
active pixel sensors within the signal conditioning and readout 

circuit; 

at a fourth time, placing the first voltage level at the reference 
distribution node of each active pixel sensor on the row of active 
pixel sensors; 

simultaneously, at the fourth time, coupling said first voltage level to 
the capacitance of the photo-conversion device of each active pixel 
sensor of the row of active pixel sensors; 

at a fifth time, sampling and holding the first voltage level on the 
capacitance of the photo-conversion device of each active pixel 
sensor on the selected row of active pixel sensors within the signal 
conditioning and readout circuit; 



20 



placing the sampled and held voltage level of the plurality of voltage 
levels and the sampled and held first voltage level of each active 
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pixel sensor of the selected row of active pixel sensors at an output 
port of the signal conditioning and readout circuit for transfer to 
external circuitry, whereby the external circuitry differentially 
compares the sampled and held voltage level of the plurality of 
voltage levels with the sampled and held first voltage level and the 
functionality of each active pixel sensor on the selected row of 
active pixel sensors, and the chain of circuitry connected to each 
active pixel sensor of the row of active pixel sensors is determined 
as a function of a difference between the sampled and held voltage 
level of the plurality of voltage levels and the sampled and held first 
voltage level. 
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The photo-imaging integrated circuit of claim 12 wherein the timing and 
control means enables evaluating performance of at least one active pixel 
sensor and the chain of circuitry connected to said active pixel sensor by 
the steps of: 

at a first time, selecting the active pixel sensor; 

at a second time, placing the second voltage level at the reference 
distribution node of the active pixel sensor; 

20 Simultaneously, at the second time, coupling said second voltage level 

to the capacitance of said photo-conversion device; 
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at a third time, sampling and holding the second voltage level within 
the signal conditioning and readout circuit; 

at a fourth time, placing the first voltage level at the reference 
distribution node of said active pixel sensor; 

simultaneously, at the fourth time, coupling said first voltage level to 
the capacitance of the photo-conversion device; 

at a fifth time, sampling and holding the first voltage level from said 
capacitance of said photo-conversion device of said active pixel 
sensor to the signal conditioning and readout circuit; and 

placing the sampled and held first voltage level and the sampled and 
held second voltage level at an output of the signal conditioning 
and readout circuit for transfer to external circuitry, whereby the 
external circuitry differentially compares the sampled and held first 
voltage level and the sampled and held second voltage level such 
that the difference of the sampled and held first voltage level and 
the sampled and held second voltage level determines 
performance of the active pixel sensor. 



17. The photo-imaging integrated circuit of claim 12 wherein the test voltage 
20 selection means comprises: 
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a first voltage distribution line containing a first distribution voltage 

level; 

a second voltage distnbution line containing a second distribution 
voltage level; 

a first switch having a first terminal connected to a first voltage source 
that provides the first voltage level, a second terminal connected to 
the first voltage distribution line, a third terminal connected to the 
second voltage distribution line, and a control terminal connected to 
the timing and control means to selectively connect the first 
terminal to the second and third terminals concurrently; 

a second switch having a first terminal connected to a second voltage 
source that provides the second voltage level, a second terminal 
connected to the first voltage distribution line, a third terminal 
connected to the second voltage distribution line, and a control 
terminal connected to the timing and control means to selectively 
connect the first terminal to the second and third terminals 
concurrently; 

a third switch having a first terminal connected to the first voltage 
source, a second terminal connected to the second voltage source, 
a third terminal connected to the first voltage distribution line, a 
fourth terminal connected to the second voltage distribution line, 
and a control terminal connected to the timing and control means to 
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selectively connect the first terminal to the th.rd terminal and 
concurrently connect the second terminal to the fourth terminal; 

connected between the first voltage 
connected to the reference distribution node of 
of active pixel sensors for the 



a voltage dividing means 
distribution line, and 



each active pixel sensor on a row 
array of active pixel sensors for distributing an incremental voltage 
fractionally from the first distributed voltage level 

distribution line to the second distributed 



level that varies 
present at the first voltage 

the second voltage distribution line; and 



voltage level present at 
a current measunng means connected so as to measure current 
flowing from said first voltage source. 
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20 



The pho,o-,mag,ng integrated circuit of claim 17 herein the timing and 
control means enables measurement of the capacitance of the photo- 



conversion device within a group 



of active pixel sensors of the array of 



active pixel sensors by the steps of; 

at a first time, selecting said group of active pixel sensors; 

dunng a period of time between a second time and a third time, 
activating said second switch to connect the first terminal of the 
second sv«tch to conned the second terminal and third terminal of 
said second switch to apply the second voltage level to the first and 
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second voltage distribution lines and thus to the reference 
distr.bution node of each active pixel sensor of the group of active 

pixel sensors; 

Simultaneously, during the period belv^en said second tla,e and said 
third time, coupling sa,d second voltage level to the capacitance of 
the photo-conversion device of each active pixel sensor of the 
group Of active pixel sensors to charge said capacitance to said 
second voltage level; 
during a penod of time be.v«en a fourth time and a fifth time, activating 
said first switch to connect the first terminal of said first switch 
concurrently to the second and third terminals of said first switch to 
apply the first voltage level to the first and second voltage 
distribution lines and thus to the reference distribution node of each 
active pixel sensor of the group of active pixel sensors. 

Simultaneously, during the period between the fourth and fifth time, 
coupling said first voltage level to the capacitance of the photo- 
conversion device of each active pixel sensor of the group of active 
pixel sensors to charge said capacitance of said photo-conversion 
device to the first voltage level; 

measuring a current flowing from said first voltage source to charge the 
capacitance of the photo-conversion device of each acfve pixel 
sensor of the group of active pixel sensors, whereby a total 
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capacitance of the photo-conversion devices of the group of active 
pixel sensors and a parasitic capacitance of said test voltage select 
means is determined by the formula: 

AltcT 

5 where 

Ct is the total capacitance of the photo- 
conversion devices and the parasitic 
capacitance of said test voltage select means, 

It is the current flowing from said first voltage 
10 source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

dtcT is a charging time for the total 
capacitance; 

15 during a period of time between a sixth time and a seventh time, 

activating said second switch to connect the first terminal of the 
second switch to connect the second terminal and third terminal of 
said second switch to apply the second voltage level to the first and 
second voltage distribution lines and thus to the reference 
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distribution node of each active pixel sensor of the group of active 

pixel sensors; 

during a penod of time between an eighth time and a ninth t,me. 
activating said first switch to connect the first terminal of said first 
switch concurrently to the second and third terminals of said first 
switch to apply the first voltage level to the first and second voltage 
distnbution lines and thus to the reference distribution node of each 
active pixel sensor of the group of active pixel sensors; 

measuring a current flowing from said first voltage source to charge the 
parasitic capacitance of said test voltage select means is 
determined by the formula: 



Cp = 



dtcp 



where 



15 



20 



Cp is the parasitic capacitance of said test voltage 
select means, 

Ip is the current flowing to the parasitic capacitance 
Cp during charging from the second voltage 
level to the first voltage level, 

dv is a difference between the first voltage 
level and the second voltage level, and 
85 
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dtcp is a charging time for the parasitic 
capacitance, 

such that an average capacitance of the photo-conversion 
device of each of said active pixel sensors of said group of 
active pixel sensors is determined by the formula; 

— Ct-Cp 

Cfd = 

n 

where 

is the average capacitance of the 
photodiode, 

Ct is the total capacitance, 

Cp is the parasitic capacitance, and 

n is a number of active pixel sensors of the 
group of active pixel sensors. 



15 19. The photo-imaging integrated circuit of claim 17 wherein the timing and 
control means enables testing functionality of a group of at least one 
active pixel sensor by the steps of: 

at a first time, selecting said group of active pixel sensors; 
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,,.,.,e — «nean..oapp.V.a.seco.voUa.e,e.e, 

,„„e.en.aWo,.a«e..e,s,sapp.e.o.e.re.noe — 
„odeo,eac.ac„va p.. sensor o,.e,™upo,ac..ep.xe, 
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sensors; 



„.p„n,sa.— aUo,.a,e,eveUo,.ecapa*.ceoH.e 
P.O.— nae.ceo,eac.a.,vep«e,senso.o.e.owo, 
..,.p.e,senso.to*a.esa,acapao,.anoeo,.epho,o- 
conversion device .0 the incremental voltage level, 

,,„„,3,..o.otti.e.t^ena.o.«.,™anaa«.Mi.e,ea.pn. 
3n..o*g«i..nt.esigna,ccna,t,oningan.reaaou.c,rc.ttne 
,„cre.en.alvo„a,eieve,presen.on..ecapacitanceon.ep.oto. 
oonversion device o,eac.on.eaC,vep.e,sensorso,tnegroup 

of active pixel sensors; 
..ln.aper,odo,t,.e..«.enasi.tM,.eanaasevent.ti.. 
3ctiva„ngsaidr,rstswi.cMoapplV..e.rst voltage leve,to..e.,rst 
.oltage distribution lino and ..e second voltage d,stri.ut,on line ,0 
p,3cet..efirst voltage level at tne reference distribution node 0. 
eacn active pixel sensor otthe group o, active pi.el sensors; 
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Simultaneously, during the period of time between the sixth time and 
the seventh time, coupling said first voltage level from the reference 
distribution node to the capacitance of the photo-conversion device 
of each active pixel sensor of the group of active pixel sensors to 
charge said capacitance of the photo-conversion device from said 
incremental voltage level to said first voltage level; 

during a period of time between an eighth time and a ninth time, 
sampling and holding within the signal conditioning and readout 
circuit said first voltage level present on said capacitance of said 
photo-conversion device of each active pixel sensor of the group of 
active pixel sensors; 

placing the sampled and held incremental voltage level present of the 
capacitance of the photo-conversion device of each of the active 
pixel sensors of the group of active pixel sensors and the sampled 
and held first voltage level of each of the active pixel sensors of the 
group of active pixel sensors at an output port of the signal 
conditioning and readout circuit for transfer to external circuitry, 
whereby the external circuitry differentially compares said sampled 
and held increment voltage level and said first voltage level, thus 
determining the functionality of each active pixel sensor of the 
group of active pixel sensors, and the chain of circuitry connected 
to each active pixel sensor of the group of active pixel sensors is 
determined as a function of a difference between the sampled and 
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.e,dlncren,en.aWo,.ase,evei and *e sampled and ne«.,rst 
voltage level- 



5 



J .„(riaim 17 wherein the timing and 
20 The pholo-lmaglng integrated crcu,. of cla,m 17 wn 

..ro,.eansena.lesevaluat,ngpe.or.anceo,agro.otat,eastone 
active p,xel sensor Of the arravo,actlvep.el sensors hvthe steps ot: 

a. a first ,.me, selecting said group 0, active pixe, sensors: 

activating said second switchto apply said second vo.,age,evel.o 
3a,d voltage distrlPution line such that said second voltage leve.,s 
appl,ed to .he reference distribution node 0, each active pixel 

sensor of the group of active pixel sensors: 
3,™,taneouslv,during.heperiodoftl.e.eW.enthe second anothird 
„„e, coupling said second voltage level to .he capactance of the 

active pixel sensors to charge said capacitance of .he photo- 
conversion device to the second voltage level: 
aurlngaperlod Of ti^ePetweenafourthtimeandaffthtlnne, sampling 
and holding v..hin the signal conditioning and readout circuit the 
second voltage level present on the capacitance of the photo- 
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conversion device of each of the active pixel sensors of the group 
of active pixel sensors; 

during a period of time between a sixth time and a seventh time, 
activating said first switch to apply the first voltage level to the first 
voltage distribution line and the second voltage distribution line to 
place the first voltage level at the reference distribution node of 
each active pixel sensor of the group of active pixel sensors; 

simultaneously, during the period of time between the sixth time and 
the seventh time, coupling said first voltage level from the reference 
distribution node to the capacitance of the photo-conversion device 
of each active pixel sensor of the group of active pixel sensors to 
charge said capacitance of the photo-conversion device from said 
incremental voltage level to said first voltage level; 

during a period of time between an eighth time and a ninth time, 
^5 sampling and holding within the signal conditioning and readout 

circuit said first voltage level present on said capacitance of each 
active pixel sensor of the group of active pixel sensors; 

placing the sampled and held second voltage level present on the 
capacitance of the photo-conversion device of each of the active 
20 pixel sensors of the group of active pixel sensors and the sampled 

and held first voltage level of each of the active pixel sensors of the 
group of active pixel sensors at an output port of the signal 
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conditioning and readout circuit for transfer to external circuitry, 
whereby the external circuitry differentially compares said sampled 
and held second voltage level and said first voltage level, thus 
determining performance of each active pixel sensor of the group of 
active pixel sensors and of the chain of circuitry connected to each 
active pixel sensor of the group of active pixel sensors is 
determined as a function of a difference between the sampled and 
held incremental voltage level and the sampled and held first 
voltage level. 
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21 . The photo-imaging integrated circuit of claim 20 wherein evaluating 
performance of each active pixel sensor of the group of active pixel 
sensors includes evaluating range and linearity of each active pixel sensor 
and the chain of circuitry connected to active pixel sensor. 



22. The photo-imaging integrated circuit of claim 20 v^erein the group of 
active pixel sensors is a row of active pixel sensors placed in an area of 
dark pixels of the array of active pixel sensors. 



20 23. 



A method for verifying operation of a group of at least one active pixel 
sensor within an array of active pixel sensors and of a chain of circuitry 
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connected to each active pixel sensor for capturing an output signal from 
said active pixel sensor. vA/hereby said chain of circuitry includes a column 
bus circuit and a signal conditioning and readout circuit, and whereby said 
method comprises the step of: 

testing functionality of said group of active pixel sensors and the chain 
of circuitry connected to each active pixel sensor of the group of 
active pixel sensors by the steps of: 

activating said group of active pixel sensors, 

applying one of a group of voltage levels that vary incrementally 
from a first voltage level to charge a capacitance of a photo- 
conversion device of each active pixel sensor of the group of 
active pixel sensors to a first charging voltage level and 
sampling and holding said first charging voltage level from 
the capacitance of the photo-conversion device of each 
^5 active pixel sensor of the group of active pixel sensors, 

applying the first voltage level to charge the capacitance of the 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a second charging voltage 
level, 
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sampling and holding a second charging voltage level from said 
capacitance of the photo-conversion device of each active 
pixel sensor of the group of active pixel sensors, 

differentially comparing the first charging voltage level v^th the 
second charging voltage level to create a first difference 
voltage, whereby said first difference voltage indicates the 
functionality of each active pixel sensor of the group of active 
pixel sensors and the chain of circuitry connected to said 
active pixel sensor. 
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24. A method for verifying operation of a group of at least one active pixel 
sensor within an array of active pixel sensors and of a chain of circuitry 
connected to each active pixel sensor for capturing an output signal from 
said active pixel sensor, whereby said chain of circuitry includes a column 
bus circuit and a signal conditioning and readout circuit, and whereby said 
method comprises the step of; 

evaluating performance of said group of active pixel sensors and the 
chain of circuitry connected to each active pixel sensor of the group 
of active pixel sensors by the steps of: 

20 activating said group of active pixel sensors , 
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applying the second voltage level to charge a capacitance of a 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a third charging voltage 
level, 

5 sampling and holding the third charging voltage level from said 

capacitance of the photo-conversion device of each active 
pixel sensor of the group of active pixel sensors, 

applying the first voltage level to charge the capacitance of the 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a fourth charging voltage 
level, 

sampling and holding the fourth charging voltage level from said 
capacitance of the photo-conversion device of each active 
pixel sensor of the group of active pixel sensors, 

^ 5 differentially comparing the third charging voltage level with the 

fourth charging voltage level to create a second difference 
voltage, whereby said second difference voltage indicates 
said performance of each active pixel sensor of the group of 
active pixel sensors and the chain of circuitry connected to 

20 said active pixel sensor. 
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25. A method for verifying operation of a group of at least one active pixel 
sensor wrthin an array of active pixel sensors and of a cha.n of circuitry 
connected to each active pixel sensor for capturing an output signal from 
said active pixel sensor, hereby said method comprises the step of: 
determining an average capacitance of a photo-conversion device of 
each active pixel sensor of said group of active pixel sensors by the 
Steps of: 

applying a first voltage level to charge to a first voltage charging 
level a total capacitance including said capacitance of said 
photo-conversion device and a parasitic capacitance formed 
by interconnecting circuits between a voltage source and 
providing said first voltage level and said active pixel sensor, 

applying a second voltage level provided by a second voltage 
source to charge from the first charging voltage level to a 
second charging voltage level said total capacitance, 

measuring a current flowing into said total capacitance, 

determining a first charging time for the first charging voltage 
level to charge to the second charging voltage level. 



calculating the total capacitance by the formula: 



20 



dV 



dtCT 
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where 

Ct is the total capacitance of the photo- 
conversion devices and the parasitic 
capacitance of said test voltage select means, 

It is the current flowing from said first voltage 
source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

dtcT is a charging time for the total 
capacitance; 



applying the first voltage level to the parasitic capacitance to 
charge said parasitic capacitance to a third charging voltage 
level, 

applying the second voltage level to the parasitic capacitance to 
charge said parasitic capacitance from the third charging 
voltage level to a fourth charging voltage level, 

measuring a current flowing into said parasitic capacitance. 
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determining a second charging time for the third charging 
voltage level to charge to the fourth charging voltage 
level, 

calculating the parasitic capacitance by the formula: 
/ dtcp 

where 

Cp is the parasitic capacitance of said test voltage 
select means, 

Ip is the current flowing to the parasitic capacitance 
Cp during charging from the second voltage 
level to the first voltage level, 

dv is a difference between the first voltage 
level and the second voltage level, and 

dtcp is a charging time for the parasitic 
capacitance, 

determining the average capacitance of the photo-conversion 
device by the formula: 
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where 

Cfd is the average capacitance of the 
photodiode, 

Ct is the total capacitance, 

Cp is the parasitic capacitance, and 

n is a number of active pixel sensors of the 
group of active pixel sensors. 



10 26. A method for verifying operation of a group of at least one active pixel 
sensor within an array of active pixel sensors and of a chain of circuitry 
connected to each active pixel sensor for capturing an output signal from 
said active pixel sensor, whereby said chain of circuitry includes a column 
bus circuit and a signal conditioning and readout circuit, and whereby said 

15 method comprises the steps of; 

testing functionality of said group of active pixel sensors and the chain 
of circuitry connected to each active pixel sensor of the group of 
active pixel sensors by comparing the difference between two 
voltage levels applied to charge a capacitance of a photo- 
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conversion device of each active pixel sensor to a first charging 
voltage level and a sampled and held first charging voltage level, 
whereby an amplitude of said sampled and held first charging 
voltage level determines the functionality of said active pixel 
sensors and said chain of circuitry; 

evaluating performance of said groups of active pixel sensors and the 
chain of circuitry connected to each active pixel sensor of the group 
of active pixel sensors by comparing the difference between a first 
voltage level and a second voltage level applied at separate times 
to charge the capacitance of the photo-conversion device of each 
active pixel sensor to a second charging voltage level and a 
sampled and held second charging voltage level, whereby an 
amplitude of said sampled and held charging voltage level 
determines performance of said group of active pixel sensors; and 

determining an average capacitance of each photo-conversion device 
of each active pixel sensor of the group of active pixel sensors by 
charging the capacitance between the first and the second voltage 
levels, measuring a charging current into said capacitance, 
measuring a charging time, and calculating said capacitance. 



The method of claim 26 wherein testing functionality comprises the steps 
of: 
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activating said group of active pixel sensors; 

applying one of a group of voltage levels that vary incrementally from a 
first voltage level to charge a capacitance of a photo-conversion 
device of each active pixel sensor of the group of active pixel 
sensors to a first charging voltage level and sampling and holding 
said first charging voltage level from the capacitance of the photo- 
conversion device of each active pixel sensor of the group of active 
pixel sensors; 

applying the first voltage level to charge the capacitance of the photo- 
conversion device of each active pixel sensor of the group of active 
pixel sensors to a second charging voltage level; 

sampling and holding a second charging voltage level from said 
capacitance of the photo-conversion device of each active pixel 
sensor of the group of active pixel sensors; 

differentially comparing the first charging voltage level with the second 
charging voltage level to create a first difference voltage, whereby 
said first difference voltage indicates the functionality of each active 
pixel sensor of the group of active pixel sensors and the chain of 
circuitry connected to said active pixel sensor. 
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28. The method of claim 26 wherein evaluating performance comprises the 
steps of: 

activating said group of active pixel sensors , 

applying the second voltage level to charge a capacitance of a 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a third charging voltage 
level, 

sampling and holding the third charging voltage level from said 
capacitance of the photo-conversion device of each active 
pixel sensor of the group of active pixel sensors, 

applying the first voltage level to charge the capacitance of the 
photo-conversion device of each active pixel sensor of the 
group of active pixel sensors to a fourth charging voltage 
level, 

sampling and holding the fourth charging voltage level from said 
capacitance of the photo-conversion device of each active 
pixel sensor of the group of active pixel sensors, 

differentially comparing the third charging voltage level with the 
fourth charging voltage level to create a second difference 
voltage, whereby said second difference voltage indicates 
said performance of each active pixel sensor of the group of 
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active pixel sensors and the chain of circuitry connected to 
said active pixel sensor. 

29. The .ethod of Cai,. 26 v*erein determining average capacitance 
comprises the steps of: 

applying a first voltage level to charge to a first voltage charging 
level a total capacitance including said capacitance of said 
Photo-conversion device and a parasitic capacitance formed 
by interconnecting circuits between a voltage source and 
providing sa,d firs, voltage level and said active pixel sensor, 

applying a second voltage level provided by a second voltage 
source to charge from the first charging voltage level to a 
second Charging voltage level said total capacitance, 

measuring a current flowing into said total capacitance. 

determining a first charging time for the first charging voltage 
level to charge to the second charging voltage level. 

calculating the total capacitance by the formula: 



dV 

dtcT 



where 
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Ct is the total capacitance of the photo- 
conversion devices and the parasitic 

capacitance of said test voltage select means, 

Iris the current flovwng from said first voltage 
source, 

dv is the difference between the first voltage 
level and the second voltage level, and 

dtcT is a charging time for the total 
capacitance- 



10 



applying the first voltage level to the 



parasitic capacitance to 



charge said parasitic capacitance to 



level, 



a third charging voltage 



15 
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parasitic capacitance to 



applying the second voltage level to the 

Charge said parasitic capacitance from the third charging 
voltage level to a fourth charging voltage level, 
measuring a current flowing into said parasitic capacitance, 
determining a second charging time for the third charging 

voltage level to Charge to the fourth Charging voltage 
level, 
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calcu,at,ng the paras,t.c capacitance by the formula: 



dV 

/dtcp 



where 



Cp iMhe parasitic capacitance of said test voltage 

select means, 

•MS the current flowing to the parasifc capacitance 
Cp during charging from the second voltage 
level to the first voltage level, 

civ is a difference between the first voltage 
level and the second voltage level, and 

dtcP is a charging time for the parasitic 
capacitance 



^ete™ining.,eaveragecapacltanceot„ep.oto-conve.io„ 

device by the formula: 



nZ:_CT-Cp 



Cfd = • 

n 



where 
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Cpo is the average capacitance of the 
photodiode, 

Ct is the total capacitance, 

Cp is the parasitic capacitance, and 

nisanumber Of active pixel sensors Of the 
group of active pixel sensors. 
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